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Abstract
Background
The unprecedented number of elderly individuals in China presents a serious public health
challenge. Limited data are available on the prevalence of disability or factors resulting in
disability among the elderly in China.
Objective
We aimed to assess the prevalence of disability and related risk factors among the elderly
of Xiamen, China.
Methods
A cross-sectional study was performed on individuals who were60 years of age. The sub-
jects were recruited by multi-stage sampling; a total of 14,292 valid questionnaires were
received. Study measurements included activities of daily living (ADL), demographics, and
health status. The ADL was assessed by the Katz Index Scale to evaluate disability. Chi-
square tests and binary logistic regression were used to identify factors associated with
disabilities.
Results
Among the valid participants, 4.27% had at least one disability. Bathing was the most fre-
quently reported disability and feeding was the least frequently reported disability. Disabili-
ties were significantly associated with female gender, older age, unmarried status, living
with family, urban residence, illiteracy, poor economic status, self-rated bad health, chronic
illnesses, lower life satisfaction, bad mood, and feelings of loneliness.
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Conclusion
Functional disability among the elderly requires more public attention. Culturally appropriate
policies and programs are also needed to address the care for the disabled elderly.
Introduction
Population aging is a global concern that no longer only occurs in developed countries. China
became an “aging society” around 2000, and has experienced an unprecedented process of
aging in its population [1–3]. The “One Child Policy” adopted in 1979 has limited the crude
birth rate. Additionally, life expectancies have increased and mortality rates have decreased;
thus the percentage of elderly population has grown substantially in the past 30 years [4–6]. In
2013, there were nearly 202 million people who were60 years of age and 132 million who
were65 years of age in China, accounting for 14.9% and 9.7% of the total population, respec-
tively [7]. Population projections predict the proportion of individuals aged60 years and
aged 65 years in China will exceed 30% and 20% respectively by 2050 [3,4,8,9].
China has encountered the situation of “becoming old before becoming rich” [10], as a
developing country with a large aging population. It faces a hefty challenge of caring for its
elderly population, especially those with functional disabilities. By 2010, China had more than
10.8 million disabled elderly people, accounting for 6.25% of the total elderly population [11].
Once the elderly become disabled, their physical health declines along with their mental health;
their quality of life deteriorates rapidly [12] and they require long-term care. Thus, millions of
families face the stress and burden of taking care of these disabled elderly individuals, and bil-
lions in healthcare costs are needed to cover their long-term care [13].
Due to the rapidly increasing number of elderly and the large number of disabled elderly in
China, it is urgent to study both the prevalence of elderly individuals with disabilities and key
factors causing those disabilities. The latest national research in 2010 showed that the preva-
lence of elderly with disabilities was 6.25% [11]. Several studies explored factors impacting dis-
abilities, such as residence [14,15] and household structure [16,17]. However, the previously
mentioned studies were usually small-scale at the municipal level and national research did not
investigate factors associated with disabilities. Under the current healthcare system in China,
long-term care for elderly is administered at the municipal level. Therefore, we conducted the
current study among the elderly in the Xiamen municipal area to assess the prevalence of
elderly individuals with disabilities. We obtained this information from a large representative
sample in order to explore related risk factors.
Materials and Methods
Study Site
The study was conducted in the Xiamen municipal area. Xiamen is located on the southeast
coast of China, facing the East China Sea and Taiwan. As one of the first four “Special Eco-
nomic Zones” in China, Xiamen began its economic reforms and opened up to the Western
world in 1978. Xiamen is more economically developed than most other regions of China; its
per capital GDP is $13,170 US dollars, ranking among the highest nationwide [18]. It is also
known for its mild weather and has been voted one of the most livable cities in China. Xiamen
is comprised of 6 districts, 38 sub-districts, and 479 communities. As of August 2013, a
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population of 1.94 million households was registered in Xiamen of which 264,624 were aged
60 years, accounting for 13.65% of the total registered population.
Sampling process
A cross-sectional study was performed on individuals aged60 years who registered their
households for interviews. The initial sample size was calculated by the following formula (esti-
mation for population probability) [19]:
n ¼ Za=2
arcsin½d= ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃPð1 PÞp 
( )2
:
P was set at 6.25%, according to the latest national survey mentioned previously [11]. α and δ
were set at 0.05 and 0.10P (0.625%), respectively. Hence, the calculated sample size was 5,762
individuals. However, in order to establish a baseline database, we intended to recruit 5% of the
overall registered elderly population in Xiamen; this number was much greater than 5,762. In
August 2012, according to the data from the Xiamen Municipal Committee on Ageing, there
were 261,043 registered people60 years of age. Using the baseline recruitment value, 13,053
participants were recruited into the study. When considering the effectiveness of the returned
questionnaires, we added 1,305 participants (10% of the baseline recruitment value) and
expanded the sample size to 14,358 participants.
Table 1 showed the determination procedure as related to sample size. Multistage probabil-
ity sampling was performed in order to select participants. In the first stage, participants were
enrolled and organized into six districts that were organized alphabetically from A to F. In the
second stage, individuals were selected and placed into 38 sub-districts. In the third stage, indi-
viduals were placed into communities. One third of the communities were randomly selected
from each sub-district; for a total of 173 included communities. Randomization of these com-
munities was performed by computer-generated numbers. In the fourth stage, the individuals
were conveniently selected from the community by the interviewers; control group characteris-
tics were analyzed according to gender and age. For instance, suppose that among the qualified
candidates in a single district, 20% were male and between 60~69 years of age with 200 partici-
pants expected for each community in this district. From this statistical analysis formula, each
community investigated 40 (200×0.2) male individuals between 60~69 years of age.
Table 1. The distribution of elderly participants bymultistage stratified sampling.
District
(1)
Qualiﬁed
candidates (2)
Total
communities
(3)
Sampled
Communitiesa (4) =
(3)*1/3
Expected
participants per
community (5)
Expected
participants (6) =
(4)*(5)
Actual
participants
(7)
Valid
participants
(8)
A 100,502 96 35 150 5250 5248 5238
B 26,857 50 18 81 1458 1519 1518
C 27,375 59 21 72 1512 1514 1514
D 15,732 36 14 63 882 875 872
E 47,580 126 46 58 2668 2697 2695
F 42,997 112 39 63 2457 2520 2455
Total 261,043 479 173 - 14,227 14,373 14,292
a If the number of communities in each sub-district were not divisible by three, the quotients were ceilinged. For example, there were 3 sub-districts (a, b
and c) in D district, and the number of communities in a, b and c sub-district were 19, 4 and 13, respectively. The number of sampled communities in D
district would be calculated as follow: 19*1/3+4*1/3+13*1/37+2+5 = 14.
doi:10.1371/journal.pone.0131014.t001
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A total of 14,373 respondents were interviewed; the survey included two stages and lasted
three entire months in 2013 (August 1st to November 2nd, 2013). The first stage of the survey
investigated the population. All participants were investigated from August 1st to September
30th, 2013, and 11,256 questionnaires were completed during this time; these included 3,043
questionnaires containing the missing data and 74 invalid questionnaires (63 questionnaires
were unreliable and 11 participants were60 years of age). The second of the survey stage
checked the data. An analysis of the returned surveys was conducted to check missing data
from October 8th to November 2nd, 2013; these surveys included 3,036 valid questionnaires
(i.e., completed assessment of disability and>90% of other data) and 7 invalid questionnaires
(>50% missing data). In the end, a total of 14,292 (99.44%) valid questionnaires were obtained.
Measures
Assessment of disability. The extent of disabilities is usually measured by activities of
daily living (ADL) [20,21]. A modified Katz Index Scale [14,22–24] was applied to measure the
ADL in our study, which included the following six items: dressing, feeding, transferring (get-
ting in/out of bed), walking (walking around inside), bathing, and toileting. Each item had
three response choices: “completely independent”, “needing some help”, and “completely
dependent”. If any answer was “completely dependent”, participants were defined as disabled;
otherwise the participants were categorized as nondisabled. This scale had good reliability and
was used by Lin et al [25] to assess functional status of elderly in China.
Other study variables. Demographic variables included the following: gender (male,
female), age, marital status (married, unmarried), living arrangements (living alone, living with
family), residence (urban, rural), education level (illiterate, primary, junior high school, senior
high school, college and above), and personal economic status (income exceeded expenditure,
balance, expenditure exceeded income). The following health status data were self-reported:
health (good, fair, bad), chronic diseases, life satisfaction (good, fair, bad), mood (good, fair,
bad) and feelings of loneliness (seldom/never, sometimes, often). The self-rated health vari-
ables (life satisfaction, mood, feelings of loneliness) were assessed by questions about the par-
ticipants’ feelings during the last month of the survey.
Data collection procedure
Four hundred investigators were trained with regards to standard operating procedures (SOP).
A face-to-face interview was conducted at the participants’ homes. The questions could be
answered by proxies if participants were unable to answer. It took between 15 to 20 minutes to
complete each interview. No gifts or rewards were given to any participant. A return survey
was conducted in order to check missing data if questionnaires were incomplete. All respon-
dents participated voluntarily and gave their formal consent. The study protocol was approved
by the School of Public Health, Xiamen University.
Data analysis
First, some basic descriptive statistics were calculated, including mean and standard deviations
for quantitative variables, and proportions for qualitative variables. Second, reliability of the
modified Katz Index Scale was assessed by Cronbach’s alpha coefficient. Third, chi-square tests
were performed to examine differences in disability prevalence among the variables mentioned
above. Finally, forward binary logistic regression was applied to identify impact factors.
Entered variables had a P-value of0.05 and removed variables had a P-value of0.10. Data
entry was performed independently and discrepancies were checked by two trained research
assistants using Epidata software version 3.1 (Epidata Association, Odense, Denmark). All
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statistical analyses were conducted using IBM SPSS software version 21.0 (IBM SPSS Statistics
for Windows, Version 21.0. Armonk, NY, United States). A value of P< 0.05 was considered
statistically significant.
Results
Demographic characteristics and health status of participants
The demographic characteristics and health status of all valid participants are shown in
Table 2. There were slightly less men than women (48.19% vs.51.81%). Their ages ranged from
60 to 103 years with a mean age of 71.49±8.34 years. The proportion of participants decreased
as age increased; there were 48.22% of participants between 60~69 years of age. The proportion
of married participants and single participants were 69.56% and 11.07%, respectively. Slightly
more elderly participants were living in rural (51.08%) than in urban (48.92%) residences.
There were 63.78% of the participants who had only attained primary or lower-level education.
The proportion of the elderly in poor economic status and self-rated poor health were 27.47%
and 17.97%, respectively. Among study participants, 63.40% suffered from chronic diseases,
54.31% were satisfied with their lives, 47.58% had good mood, and 61.8% seldom felt feelings
of loneliness.
Prevalence of elderly disabilities
As measured by the modified Katz Index Scale, the Cronbach’s alpha coefficient was 0.973. The
disability prevalence of 14,292 participants was 4.27%. Fig 1 showed that the overall prevalence
of disability was highest in bathing (3.94%) and the lowest in feeding (2.20%).
The prevalence of elderly disabilities according to different demographic characteristics is
shown in Table 2. It was obviously higher for those individuals who were80 years of age,
female, unmarried, illiterate, in bad economic status, and with bad self-rated health status (i.e.
with three or more chronic diseases). Those elderly individuals who reported bad life satisfac-
tion, bad moods, and who often felt lonely had a notably higher prevalence of disability; these
percentage prevalences were 19.83%, 27.08%, and 20.93%, respectively. The chi-square test
results showed that the differences in disability prevalences were significant in the previously
mentioned variables. However, the prevalence of disability was not significant regarding vari-
ables related to residence and living arrangements.
Factors associated with elderly disability
Table 3 demonstrated the results of binary logistic regression. The elderly who were80 years
of age were about five times more likely to have a disability than those 60–69 years of age.
The elderly who lived with family had a higher risk of disability than those who lived alone
(OR = 3.25). As compared with respondents in good self-rated health, respondents in bad self-
rated health were about 74 times as likely to have a disability. Unmarried status, bad economic
status, and poor psychological health measures (life satisfaction, mood, and feelings of loneli-
ness) were all risk factors for disability. Residence actually was a protecting factor for elderly
who lived in rural (OR = 0.62) settings.
Discussion
The population of disabled elderly is rapidly expanding and it is a challenge for individuals,
families, and society to undertake the burden of long-term care. Problems related to disabilities
in the elderly have attracted both the vigilance and attention of society. This study shows that
the prevalence of disability in Xiamen was 4.27% for the population aged60 years. Bathing
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Table 2. Characteristics of the elderly and disability prevalence.
n (%) Disabled Prevalence (%) χ2 P-value
Gender (N = 14,292)
Male 6888 (48.19) 228 3.31 29.87 0.000
Female 7404 (51.81) 382 5.16
Age (years) (N = 14,292)
60~69 6882 (48.22) 99 1.44 537.95 0.000
70~79 4646 (32.51) 181 3.90
80~above 2754 (19.27) 330 11.98
Marital status (N = 14,268)
Married 9925 (69.56) 273 2.75 185.21 0.000
Unmarried 4343 (30.44) 337 7.76
Living arrangement (N = 14,285)
Alone 1582 (11.07) 61 3.86 0.72 0.395
With family 12,703 (88.93) 548 4.31
Residence (N = 14,292)
Urban 6992 (48.92) 301 4.30 0.05 0.831
Rural 7300 (51.08) 309 4.23
Education (N = 14,204)
Illiterate 4659 (32.80) 295 6.33 90.70 0.000
Primary 4401 (30.98) 179 4.07
Junior high school 2689 (18.93) 63 2.34
Senior high school 1579 (11.12) 42 2.66
College and above 876 (6.17) 22 2.51
Economic status (N = 14,284)
Income exceeded expenditures 2938 (20.57) 45 1.53 506.71 0.000
Balance 7422 (51.96) 155 2.09
Expenditures exceeded income 3924 (27.47) 410 10.45
Self-rated health (N = 14,291)
Good 4820 (33.73) 7 0.14 2174.66 0.000
Fair 6902 (48.30) 61 0.88
Bad 2569 (17.97) 542 21.10
The number of chronic diseases (N = 14,286)
0 5228 (36.60) 73 1.40 352.74 0.000
1 4304 (30.13) 162 3.76
2 2752 (19.26) 151 5.49
3 2002 (14.01) 224 11.19
Life Satisfaction(N = 14,287)
Good 7759 (54.31) 146 1.88 612.41 0.000
Fair 5701 (39.90) 299 5.24
Bad 827 (5.79) 164 19.83
Mood(N = 14,284)
Good 6797 (47.58) 143 2.10 741.87 0.000
Fair 6970 (48.80) 324 4.65
Bad 517 (3.62) 140 27.08
Feelings of loneliness (N = 14,226)
Seldom/Never 8791 (61.80) 174 1.98 550.30 0.000
Sometimes 4876 (34.27) 312 6.40
Often 559 (3.93) 117 20.93
doi:10.1371/journal.pone.0131014.t002
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was the most frequently reported disability and feeding was the least frequently reported dis-
ability. In our study, a good reliability was seen relative to the modified Katz Index Scale.
The prevalence of elderly with disabilities in our study was lower as compared with several
pertinent Chinese studies in which the same scale of items were used; this includes the latest
National Research on Aging Study in 2010 [11] as well as studies conducted by Lin et al [25]
and Chou et al [23]. The “Chinese Longitudinal Healthy Longevity Survey (CLHLS)” was a
national sample study of elderly65 years of age (primarily80 years of age). We analyzed
the latest data from CLHLS (2011) and compared the data with the same five ADL items in our
study; we found that the prevalence of elderly with disabilities in our study was lower in every
age group (65–69 years of age: 1.39% vs. 1.84%; 70–79 years of age: 3.81% vs. 5.05%;80 years
of age: 11.62% vs. 27.59%). This is possibly due to the mild climate and pace of life in Xiamen,
which are good for elderly health. The development of health management and elderly care in
Xiamen also played positive roles in decreasing the amount of disabilities in elderly individuals.
Such differences may also be due to differing definitions of several items. For instance, in
Fig 1. ADL prevalence of disability (n = 14,292). Bars show the disabled prevalence of each ADL item among 14,292 participants. ADL refers to activities
of daily living.
doi:10.1371/journal.pone.0131014.g001
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CLHLS, the level of “completely dependent” in bathing was defined as an individual (he/she)
who can only wash themselves on some parts of their body and need assistance on more than
one part of their body. However, in our study, in order to define a more severe disability, the
“completely dependent” level was defined as not being able to wash themselves completely and
requiring assistance over the whole body.
Many studies in other countries such as those conducted by Ralph et al. (New York, United
States of America, 2009) [26], Federman et al. (United States of America, 1996–2001) [27],
McLaughlin et al. (United States of America, 2004) [28], Hairi et al. (Malacca, Malaysia, 2007–
2008) [29] and Tiago da Silva Alexandre et al. (Sao Paulo, Brazil, 2000) [22] have also used the
same items to assess elderly disability. However, they defined the disability in terms of an indi-
vidual requiring some help or unable to perform one or more ADLs. In our study, the disability
was defined as having more severe ADL limitations. One reason for this was that we hoped to
Table 3. Binary Logistic Regression analysis of elderly disability (N = 14,091).
OR 95% CI P-value
Age (years)
60–69 Ref.
70–79 1.94 1.47, 2.56 0.000
80 5.80 4.40, 7.66 0.000
Marital status
Married Ref.
Unmarried 1.48 1.19, 1.85 0.000
Living arrangement
Alone Ref.
With family 3.25 2.34, 4.52 0.000
Residence
Urban Ref.
Rural 0.62 0.51, 0.76 0.000
Personal economic status
Income exceeded expenditures Ref.
Balance 0.94 0.64, 1.38 0.756
Expenditures exceeded income 2.15 1.49, 3.10 0.000
Self-rated health
Good Ref.
Fair 4.00 1.81, 8.82 0.000
Bad 73.95 34.57, 158.22 0.001
Life Satisfaction
Good Ref.
Fair 1.13 0.89, 1.45 0.315
Bad 1.84 1.33, 2.54 0.000
Mood
Good Ref.
Fair 0.85 0.65, 1.10 0.216
Bad 2.26 1.53, 3.33 0.000
Feelings of loneliness
Seldom/Never Ref.
Sometimes 1.58 1.23, 2.04 0.000
Often 1.70 1.15, 2.48 0.008
doi:10.1371/journal.pone.0131014.t003
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compare our results with several studies conducted in China, where there are similar defini-
tions of disability to our study. The other reason was that we would like to identify elderly indi-
viduals who were totally dependent on other individuals help and required long-term care
solutions; a large number of Chinese elderly have ADL limitations and relatively limited health
care resources. If we applied their definition of disability in our study, the prevalences of dis-
ability in people 60 years of age and 65 years of age were 12.55% (1793/14,292) and
15.55% (1648/10,598) respectively, still lower than these other reports.
Many demographic factors were associated with disability. Elderly people who lived alone
[30,31] or in rural [11,13–15] residences had a higher risk of disability due to a lack of support
from family or social services. Interestingly, we found that the elderly who lived with family
members or lived in urban areas had a greater risk of disability in our study. As for the variable
living arrangements, we found that the prevalence of disability was higher in elderly people
who either lived with children (8.27%) or lived with others (9.68%) than for those who lived
alone (3.86%). This information was consistent with several previous research studies [16,17]
which showed that elderly individuals who had no spouse and either lived with children or
other individuals had a worse outcome than the elderly who lived alone. The interpretation
was that elderly individuals who had a good health status and were financially independent
preferred to either live alone or with their spouse [17]. In other words, elderly individuals either
lived with children or other individuals possibly because they required more support and care
from their families. The authors also found that the proportion of elderly individuals who lived
alone in rural (14.6%) residences was almost double as compared with the elderly who lived in
urban (7.4%) residences; hence, living arrangements may be a confounder to residence. This
may also explain why differences were not significant between the prevalence of disability and
different residential living arrangements in chi-square tests; however, binary logistic regression
results showed that the elderly who lived in urban settings or lived with family had a higher
risk of disability. Additionally, female gender, older age, unmarried status, lower educational
status, and bad economic status were all risk factors for disability, similar to many other
research studies [15,16,26].
The variables related to health status all strongly influence disability. In our study, self-rated
health was most strongly associated with disability. The elderly who had worse self-rated health
measurements had a higher prevalence of disability, similar to some previous studies [16,27].
Self-rated health is a subjective assessment of individual health status; it is a reliable predictor
of disability and future mortality [32,33]. The number of chronic disease is one major risk
related to disability as proven in many countries [34]. Parallel to many studies, we found the
elderly suffered more kinds of chronic disease and appeared to have worse functional status
[13,16,26, 35]. We must emphasize that several chronic diseases are strongly associated with
poor physical function, such as cardiovascular disease, dementia, arthritis, and other musculo-
skeletal diseases [34,36]. The top three chronic diseases in our study were hypertension
(30.10%), arthritis (24.76%), and lumbar cervical disease (10.60%), all of which are major risks
for disability, similar to other research studies [37,38]. Although this variable number of
chronic diseases is important, it did not enter the model of binary logistic regression. This may
be due to existing multicollinearity among different variables. For instance, the effect related to
the number of chronic diseases may be covered by the self-rated health and age in the binary
logistic regression model, because the elderly or in those in bad self-rated health may suffer
more kinds of chronic diseases. Poor psychosocial condition was also shown to be a risk for dis-
ability in the disablement model developed by Verbrugge et al. [39]; however, to the best of our
knowledge, it is rarely an influential factor requiring further study. The elderly in our study
who had poor life satisfaction, bad mood, and often felt lonely showed a higher prevalence of
disability. The World Health Organization emphasized that people who had poor mental and
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psychosocial conditions were more likely to suffer disability, because they had barriers related
to accepting education, finding employment, and therefore, full participation in their societies
[40].
The prevalence of disability in our municipal-level study was lower than national studies
[11]; according to this prevalence model, in 2013, there were about 11,300 disabled elderly in
Xiamen city. Thus, we need to develop several appropriate policies to care for the large num-
bers of disabled elderly. Long-term care is important for elderly with disabilities; it has been
placed at the forefront of the national political agenda in many countries such as Germany,
Japan, and the United States [41]. However, in China, municipal level assessment remains in
the initial stage and long-term care insurance has not been established. Most of the elderly Chi-
nese with disabilities are cared for by their family caregivers and consequently impose a large
burden for their families. The government should consider giving some assistance, such as
establishing a hospital for geriatric patients and developing a specialized guide for rehabilita-
tion of disabled individuals and their families in either community-based or home settings. As
many factors are associated with disabilities, programs should be effectively developed in order
to prevent disabilities in older adults. These programs should focus on strengthening manage-
ment of chronic diseases and intensifying mental health education.
There are several limitations associated with this study. First, the cross-sectional data limit
interpretation of the results, making it difficult to draw causal conclusions. For instance, the
relationship noted between disability and living arrangements could be reversed. Second, our
study was conducted only in Xiamen city, so nationwide generalizations might be limited.
Third, although we tried to retrieve a representative sample, randomization was incomplete at
the community level. Finally, functional status of the elderly was assessed by self-reported mea-
surements; we did not survey caregivers or care providers to obtain a more comprehensive pic-
ture of elderly disabilities. Future assessments will need to conduct longitudinal studies to
assess policy trends and key stakeholders. Thus, urgent action is necessary to care for these vul-
nerable and disabled older adult populations.
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